Abstract -Utilizing novel Nb-substituted serotonins, 5-and/or 6-substituted 3,4,5,6-tetrahydro-7-hydroxy-1H-azepino [5,4,3-cd]indole derivatives are produced simply by treating serotonins with aldehydes under basic conditions. Synthesis of 2,2a,3,4,5,6-hexahydro-7-hydroxy-1H-azepino[5,4,3-cd]indole-2-one derivatives is also reported.
In our synthetic project for discovering new biologically active compounds, we have thus far succeeded in the creation of efficient synthetic methods 3a-d with high originality rate, 4a,c-e intellectual property factor, 4a,b and application potential factor 4a,b culminating in the production of novel leads for an α 2 -blocker, 3d,5 an inhibitor of platelet aggregation, 3c,6 an anti-osteoporosis agent, 3d,7 and potent root growth promotor. 3a,b,8 These results are based on our hypothesis 8, 9 that any metabolite of tryptophan has each own function in vivo, and the combination of each structure is a promising method for designing a new possible drug. On the other hand, in our preliminary study 15 aiming at the synthesis of both compounds, 3 and 4, we reported an interesting finding that under basic conditions the reaction of 1b with acetaldehyde and benzaldehyde generated 6-substituted 3,4,5,6-tetrahydro-7-hydroxy-1H-azepino [5,4,3-cd] indoles (5), despite under acidic conditions the well known Pictet-Spengler 16 reaction took place resulting in the formation of 1-substituted 6-hydroxy-β-carbolines (6, Scheme 1).
With an attempt to enlarge the scope of our above findings and to find new biologically active compounds, we now wish to describe the preparation of novel Nb-substituted serotonins (3) and 5-and/or 6-substituted 3,4,5,6-tetrahydro-7-hydroxy-1H-azepino [5,4,3-cd] indole derivatives (4).
I. Synthesis of Novel Nb-Substituted Serotonins
To meet our end, we needed various Nb-substituted serotonin derivatives. They are obtained by acylation of serotonin, followed by reduction of the resultant Nb-acylated serotonins (Scheme 2). Thus, serotonin hydrochloride (1b·HCl) was reacted with pentanoic acid by mixed anhydride method using methyl chloroformate in DMF-CHCl 3 in the presence of Et 3 N at room temperature to give Nbpentanoylserotonin (7a) in 92% yield. Similar reactions of 1b·HCl with nonanoic acid, hexadecanoic acid, cyclohexanecarboxylic acid, and benzoic acid afforded Nb-nonanoyl-(7b), Nb-hexadecanoyl-(7c),
Nb-cyclohexylcarbonyl-(7d), and Nb-benzoylserotonins (7e) in 96, 88, 97, and 90% yields, respectively.
Subsequent reduction of 7a with LiAlH 4 in refluxing THF afforded Nb-pentylserotonin (8a) in 85% yield.
The compounds, 7b, 7c, and 7d, were similarly converted to Nb-nonyl-(8b), Nb-hexadecyl-(8c), and
Nb-cyclohexylmethylserotonins (8d) in 81, 89, and 74% yields, respectively. It is interesting to note that the reduction of 7e under the same reduction conditions produced the desired Nb-benzylserotonin (8e) in only 47% yield together with 21% yield of unwanted 1b and 13% yield of the unreacted starting material.
Addition of excess amount of LiAlH 4 and longer refluxing time did not improve the yield effectively. As an alternative method, the reductive benzylation utilizing benzaldehyde and sodium cyanoborohydride was employed to 1b·HCl, but the yield of 8e was almost the same 56%.
Since various types of Nb-substituted serotonins are known as biologically active alkaloids, 17 it would be safe to expect that the compounds, 7 and 8, have biological activities as well. 
II. Synthesis of

cd]indole Derivatives
Employing our basic conditions 15 to the reaction of the above-mentioned Nb-substituted serotonins (8a-e) with aldehydes, selective preparation of various 5-and 6-substituted 3,4,5,6-tetrahydro-7-hydroxy-1H-azepino [5,4,3-cd] indole derivatives was successfully realized.
Thus, the reaction of 8a with acetaldehyde in Et 3 N-MeOH at room temperature for 2.5 h afforded 3,4,5,6-tetrahydro-7-hydroxy-6-methyl-5-pentyl-1H-azepino [5,4,3-cd] indole (10a) in 90% yield without the formation of the corresponding β-carboline (9a). Under similar reaction conditions, 8b, 8c, 8d, and 8e reacted with acetaldehyde to give 10b, 10c, 10d, and 10e in 97, 91, 80, and 89% yields, respectively.
When decanal was employed instead of acetaldehyde in the reaction of 8a, 8b, and 8c, the corresponding 11a, 11b, and 11c were obtained in 76, 81, and 76% yields, respectively. In all of the above reactions, formation of the corresponding β-carbolines as by-products was not detected at all.
The 5-unsubstituted 3,4,5,6-tetrahydro-7-hydroxy-6-methyl-1H-azepino [5,4, We next examined whether we can prepare 3,4,5,6-tetrahydro-7-hydroxy-1H-azepino [5,4,3-cd] indoles having a bulky substituent at the 5-and 6-positions employing 8a as a serotonin component. At room temperature the reaction of 8a with benzaldehyde (13a) in Et 3 N-MeOH did not take place, but the reflux temperature and longer reaction time (15 h) made it possible to form 3,4,5,6-tetrahydro-7-hydroxy-5-pentyl-6-phenyl-1H-azepino [5,4,3-cd] indole (14a) in 86% yield. Under the same conditions, slow reaction took place upon the reaction of 8a with more crowded 2-methylpropanal (13b). The desired product, 3,4,5,6-tetrahydro-7-hydroxy-6-isopropyl-5-pentyl-1H-azepino [5,4,3-cd] indole (14b), was obtained in 49% yield in addition to 11% yield of unwanted 10a and 23% yield of unreacted starting material. In the reaction of 8a with bulky 2,2-dimethylpropanal (13c) at reflux temperature for 15 h, the formation of the desired product (14c) was not detected at all, while 10a and unreacted starting material were obtained in 15 and 66% yields, respectively. The severe steric hindrance between 5 and 6 positions clearly precluded the formation of the seven-membered ring.
The isolation of 10a in the above two reactions proved the presence of the competing reaction of 8a with acetaldehyde, formed in situ from Et 3 N. The mechanism of the formation of acetaldehyde from Et 3 N in the reaction system is explained in detail in our previous paper. and 16e, were prepared from 10d in 17 and 52% yields, respectively.
Further treatment of 16a with diazomethane afforded 16b in 95% yield. The reactions of 10d and 16a with Ac 2 O in pyridine gave 17 and 16c in 86 and 88% yields, respectively, while the reaction of 16a with 
5-Cyclohexylmethyl-3,4,5,6-tetrahydro-7-hydroxy-6-methyl-1H-azepino[5,4,3-cd]indole (10d) from
8d -In the general procedure, acetaldehyde (14.5 mg, 0.3 mmol), MeOH (2.5 mL), 8d (30.0 mg, 0.1 mmol), and Et 3 N (3.0 mL) were used. After column chromatography, 10d (26.4 mg, 80%) was obtained. 
5-tert-
